Context: Blazars are a remarkable type of Active Galactic Nuclei (AGN) that are playing an important and rapidly growing role in today's multi-frequency and multi-messenger astrophysics. The property that makes them unique, among other AGN, is the presence of a relativistic jet that happens to be pointing in the direction of the Earth. This is a very special geometrical situation that causes the non-thermal radiation emitted by the energetic particles inside the jet to be strongly amplified and appear to be highly and rapidly variable. In the past several years, blazars have been discovered in relatively large numbers in radio, microwave, X-ray and γ-ray surveys, and more recently have been associated to high-energy astrophysical neutrinos and possibly to ultra-high energy cosmic rays. Blazars are expected to dominate the high-energy extragalactic sky that will soon be surveyed by the new generation of very high-energy γ-ray observatories such as CTA. In parallel to the discovery of many blazars at all frequencies, the technological evolution, together with the increasing adoption of open data policies is causing and exponential growth of astronomical data that is freely available through the network of Virtual Observatories (VO) and the web in general, providing an unprecedented potential for multi-wavelength and multi-messenger data analysis.
Introduction
We present a software tool developed in the context of the Open Universe Initiative that has been designed to facilitate the identification and the broad-band spectral study of blazars and other astrophysical sources, based on public multi-frequency data retrieved from the Virtual Observatories 6 network.
Blazars are a special type of Active Galactic Nuclei (AGN) distinguished by the emission of strong non-thermal radiation across the entire electromagnetic spectrum , a unique characteristics among extragalactic objects that gives them a central role in contemporary γ-ray and multi-frequency astronomy, and likely in the emerging field of multimessenger astrophysics. Developing efficient tools useful for the detailed study of these sources is therefore important and timely to support a rapidly evolving research in this field.
From a physical viewpoint the non-thermal continuum seen in the spectral energy distribution (SED) of blazars is due to the radiation emitted by energetic particles moving in a relativistic jet emerging from the central super-massive black hole .
From the observational viewpoint, the multiwaveband SED plot ( Fig. 1 ) of any blazar well covered from radio to high-energy (to x-ray, γ-ray) typically presents two distinct features: high variability and two large bumps. The first bump is generally at-tributed to synchrotron emission, while the second one may be due to inverse Compton scattering or to radiation originating in a hadronic or lepto-hadronic scenarios (Reimer, 2012; Cerruti et al., 2011; Petropoulou et al., 2015 Petropoulou et al., , 2016 Gokus et al., 2018) .
The position where the first bump peaks has been used to further classify blazars into low synchroton peaked(LSP) and high synchroton peaked(HSP) objects (Padovani and Giommi, 1995; Abdo et al., 2010) . LSP blazars will present an associated peak energy below Hz < 10 14 , while HSP blazars' peak at Hz > 10 15 .
Objects peaking at intermediate energies are called ISP blazars.
Observations have shown that HSP blazars are bright and variable sources of high-energy γ-rays (TeVCat) 7 and that they are likely the dominant component of the extragalactic very high-energy (VHE, E > 100GeV) background (Padovani et al., 1993; Giommi et al., 2006; Di Mauro et al., 2014; Giommi and Padovani, 2015; Ajello et al., 2015) . Very high-energy emitters are rare and still poorly understood astrophysical sources. So far only a few hundred of them have been detected in the VHE band. The identification of VHE sources is receiving increasing attention, especially in relation with the likely connection with high-energy neutrinos and ultra high-energy cosmic-rays. A non negligible fraction of the cataloged γ-ray or VHE sources, or neutrino events, are not associated to lower energy sources yet.
The recent association between the astrophysical high-energy neutrino IceCube-170922 with the bright blazar TXS0506+056 (The IceCube Collaboration The IceCube Collaboration, 2018; Padovani et al., 2018) represents a strong mark, and possibly a smoking gun, in the search for the sources of ultra highenergy (UHE) particles, opening up a the new era of blazar studies. Motivated by such evidences and in view of the increasing sensitivity of the next generation of VHE and multi-messenger observatories, we developed a tool, VOU-Blazars, to mine the existing and constantly increasing multi-wavelength databases to support the search of new blazars and study their broadband spectral properties and their temporal behaviour. 13 , and as a web service that can be activated from the Open Universe portal. The databases used in the tool are all publicly available within the VO network.
Workflow
It is well known since the early days of multifrequency astronomy that blazars can be discovered through the analysis of radio, optical/IR and X-ray data (see e.g. Padovani and Giommi (1995) ; Perlman et al. The main purpose of the first phase is to identify blazar candidates within a given searching area, whose size that can be as small as one arcminute or less to several degrees. Given that the majority of the blazars are detected in both the radio and X-ray band, VOU-Blazars begins with searching for sources in all available lists of radio or X-ray emitters within the specified searching region. In this phase the tool retrieves data from several catalogs providing photometric data through VO conesearch pipeline 14 , and estimates the possible presence of blazar candidates.
The tool also interrogates type-specific catalogs of 11 https://github.com/ecylchang/VOU_Blazars 12 https://hub.docker.com/r/chbrandt/voublazars/ 13 https://www.docker.com 14 https://github.com/chbrandt/eada/tree/master/eada known sources (blazars, γ-ray burst (GRB), pulsars, γray sources, and clusters of galaxies) to further help the user on possible ambiguities. In the first phase, currently a total of 34-catalog searches are made through the conesearch pipeline. The catalogs used in this phase are listed in Table 4 , while Table 5 gives the frequencies of the X-ray data from each catalog.
It is well known that the radio to X-ray flux ratios are very different in HSP and LSP blazars (e.g. Padovani and Giommi, 1995; Padovani et al., 2003 Padovani et al., , 2007 . VOU-Blazars uses the spectral slope between radio and X-ray, (α 1.4GHz−1keV or α rx ), to classify every radio-X-ray matching sources in the first phase. Some of the cataloged blazars and pulsars (see table 4 for catalogs references) might not have both radio and X-ray detections.
We list them among the selected sources during the first phase as well. Table 2 shows the details of classification of the radio-X-ray matching candidates. All the blazar candidates as well as the cataloged sources (5BZCat, 3HSP, CRATES) are available in the second phase for a thorough examination.
Several LSP blazars are not detected in the X-ray band, as the X-ray emission of this type of objects is weak and their flux may easily be below the sensitivity of currently available observations. For similar reasons HSPs with relatively high ν peak values might not be detected in radio surveys. Here we call radio sources without X-ray detections "single radio sources", and vice versa. If the requested searching area is small a process called intermediate phase is "triggered" to search for additional blazar candidates among single radio or X-ray sources. If no sources without radio-X-ray matching is present inside the error area, the intermediate phase will not be called.
The intermediate phase makes use of the GALEX, PMN, and GB6 catalogs (see table 6 for catalog's references) to search for possible UV emission and to estimate the radio spectral index. The searching radius for VO conesearch in this step is set to same as the input radius, same as in the first phase. The GALEX data then are converted to monochromatic fluxes and de-reddened using Fitzpatrick (1999) extinction rule.
In the second phase the user can complete the data analysis of one or more of the candidates found in the first phase building a complete SED using data from additional 34 catalogs, covering the high-frequency radio, microwave, far IR, IR, optical, UV, hard X-ray, γ-ray, and TeV bands. The list of catalogs used in the second phase is given in Table 4 .
As blazars are extragalactic sources data from IR, optical, and UV catalogs need to be corrected for Galactic extinction. To take into account of this we use follow Fitzpatrick (1999) . Effective wavelengths and zeromagnitude fluxes applied for every bands are listed in Table 7 . Padovani et al., 2018) . It is an ISP blazar and therefore it is represented with a light blue circle.
Two HBL candidates blazars (orange circles) are also found around the neutrino detection, source number 2, inside the 90% error ellipse, is a 3HSP source (3HSP J050833.3+053109) and it is also marked with golden star); source number 3, outside the error ellipse, is an uncatalogued HSP candidate. Source number 1, an LSP object (dark blue circles) is a known source listed in 5BZCat (5BZQ J0505+0459), and source number 5 is an ISP candidate close to cluster of galaxies (ZW 4472), and for this reason it appears as a light blue symbol with a question mark. In addition, there are two γ-ray detections (3FHL J0505.4+0458 and 4FGL J0505.3+0459), represented by purple triangles. Source number 6, the flat-spectrum radio source CRATESJ051256+060835, is without an X-ray counterpart and is shown as the red filled circle (radio source) with a blue open square (CRATES sources) on it. Note that for candidates number 1, 4, and 5, the size of the X-ray counterpart on the candidates map is smaller than that of the radio counterpart, causing the open circle to be covered by the filled circle. In these situations, the X-ray counterparts are shown with a magenta color. 
The VOU-Blazars SED mode
The VOU-Blazar tool can also be used to directly produce SEDs of objects with known position. This is called the "SED mode" and can be activated from the command line, as in the following example The tool and has been implemented as one of the options available within the Open Universe portal, where it can be used also to identify sources with large positional uncertainty. Figure 10 shows the case of the source 4FGL J1211.6+3901. plot the SED than the other SED tool. Thus, the SED built by VOU-Blazars may contain more data and could identify more HSP candidates. With more data, the synchrotron peak value could be refined as well.
Availability of the tool
In compliance with the Open Universe principles of transparency and easiness of use, the VOU-Blazars tool is openly available in various forms, as described below.
Source code on GitHub
The VOU-Blazars source code can be downloaded from GitHub at https://github.com/ecylchang/ VOU_Blazars. To install the VOU-Blazars code and run the tool on your own computer, please follow the instructions available at the the GitHub page. , which will run the latest version of VOU-Blazars.
Implementation as a Docker container
If no positional arguments are given -like the above example -, VOU-Blazars will ask for them interactively.
The user can also directly give the input parameters: , which runs VOU-Blazars in SED mode (see section 3.1). After the processing is complete, the resultus will be found in directory output dir. 
Implementation within the

Conclusion and future developments
We have developed VOU-Blazars, a new software tool that makes use of multi-frequency data-sets retrieved using VO protocols, to find blazars anywhere in the sky, and particularly in moderately large areas (up to a few degrees), that are typical of the positional uncertainly of γ-ray sources, high-energy astrophysical neutrinos, UHECRs etc.
During the development and testing phase the VOU-Blazars tool has been used to find potential IceCube neutrinos counterparts (Padovani et al., 2018) , and to discover several new HSP blazars during the preparation of the 3HSP catalog . The consolidated version of VOU-Blazars presented in this paper will be useful to discover new blazars and for the identification of the counterparts of the many high-energy extragalactic sources discovered by the current and by the next generations of γ-ray and neutrino observatories.
In the near future, we plan to make a number of improvements to the tool, including
• enhanced identification methods based on more multi-frequency and multi-temporal information;
• the use of machine learning techniques;
• increase the number of catalogs providing more spectral and timing information All of the above will keep the tool up to date with new catalogs as they come on-line, will make it more precise in the identification process (reducing the number of uncertain candidates that may generate confusion in large searching area), and will enable spectral and timing analysis. (Gregory et al., 1996) 30 GB87 (Gregory and Condon, 1992) 30 PMN (Griffith et al., , 1995 Wright et al., 1994; Griffith and Wright, 1993; Wright et al., 1996) 30 ATPMN (McConnell et al., 2012) 15 AT20G (Murphy et al., 2010) 15 NORTH20CM (White and Becker, 1992) 120 CRATES 15 Microwave/mm catalogs Search Radius (arc-minutess) WISH 352 MHz (De Breuck et al., 2002) 0.25 PCNT (Planck Collaboration et al., 2018) 3 ALMA (Bonato et al., 2019) 0.25 Far IR / IR catalogs Search Radius (arc-seconds) SPIRE250 (Schulz et al., 2017) 15 SPIRE350 (Schulz et al., 2017) 15 SPIRE500 (Schulz et al., 2017) 15 2MASS (Skrutskie et al., 2006) 10 AllWISE (Cutri et al., 2013) 10 Optical catalogs Search Radius (arc-seconds) SDSS Dr14 (Blanton et al., 2017; Abolfathi et al., 2018) 10 HST GSC2.3.2 (Lasker et al., 2008) 10 Pan-STARRS Dr1 (Chambers et al., 2016) 10 Gaia Dr1 (Gaia Collaboration et al., 2016; Gaia Collaboration, 2016) 10 UV / X-ray catalogs Search Radius (arc-seconds) UVOT SSC 1.1 Yershov, 2014) 15 GALEX (Morrissey et al., 2007; Bianchi et al., 2018) 15 XMMOMSUSS 3 (Page et al., 2012) 15 XRT spectral data (Giommi, 2015) 15 OUSpectrum (Giommi et al., in preparation) 15 BAT 105 Months (Baumgartner et al., 2013) 10 acrmin γ-ray catalogs Search Radius (arc-minutes) Fermi 3FGL 20 Fermi 2FHL 20 Fermi 3FHL (The Fermi-LAT collaboration, 2017) 20 Fermi 4FGL (The Fermi-LAT collaboration, 2019) 20 1BIGB SED 10 2AGILE 50 Fermi MeV 30 TeV/IACTs catalogs Search Radius (arc-minutes) MAGIC 10 VERITAS 10 Table 6 : Catalogs applied in the second phase
